Micro-Raman scattering and electron field emission characteristics of silicon nanowires (SiNWs) synthesized by metal induced chemical etching (MIE) are studied. Scanning electron microscopy images reveal the growth of well aligned vertical SiNWs which shows red-shifted and asymmetrically broadened Raman line-shapes. The relationship between Raman shift and crystallite size, as derived from bond-polarizability model, has been used to estimate the confinement sizes in SiNWs.
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Introduction
Silicon (Si) nanowires (NWs) have attracted great interest due to their compatibility with silicon-based electronic technology and their various potential applications in many fields, for instance nanoelectronics, 1 optoelectronics, 2 energy conversion 3,4 and energy storage 5 as well as bio and chemical sensors. 6 One of the reasons for the versatile application of nanomaterials is "quantum confinement effect" which offers a great flexibility of tailoring optical, electrical, thermal, and chemical properties of these materials for desired purposes. These onedimensional systems are also ideal systems for exploring a large number of novel phenomena at the nanoscale and investigating the size and dimensionality dependence of their properties for fundamental research. [7] [8] [9] This kind of size dependent change in various properties of nanomaterials should be investigated in details for extending the application of nanomaterials in new fields. In addition, investigating various properties of nanomaterials will enhance the basic mechanism behind a particular observation exhibited by the nanomaterial.
Phonon Raman spectra of semiconductor nanostructures became a standard and very powerful tool to calculate the size of nanostructures. [10] [11] [12] In a crystalline material, the region over which the phonon wave function extends is infinite and only zone centre phonons ( ≈ 0) contribute to first-order Raman scattering. In nanostructures, phonons are confined to a small size (of the order of few nanometers). Due to this, translational symmetry of the ideal crystal is disturbed and the conservation law of momentum is relaxed. Therefore, the optical phonons, away from the zone center ( ≥ 0) can also contribute to the Raman scattering process. 13 This results in the softening and asymmetric broadening of the optical phonon Raman modes. Several models have been developed to quantify the crystal size from such Raman-shift and Raman line-shape. The most commonly used are the bond-polarizability model (BPM), 14 where a simple relation between SiNWs size and peak shift is derived, and the phenomenological quantum confinement model 10, 15, 16 that uses an ad-hoc confinement function, allows to calculate the line shape of the transverse optic one-phonon mode as a function of the SiNWs size. In the present manuscript, BPM has been used to estimate size of SiNWs under investigation as will be discussed later. 
2.Experimental Methods
Si NWs samples were prepared by metal induced chemical etching (MIE) of n-Si (100) wafer having resistivity of 3-5 Ω−cm. These wafers were cleaned in acetone and ethanol to remove impurities prior to starting the MIE process. The cleaned wafers were immersed in HF solution to remove thin oxide layer formed at surface. These wafers were dipped in solution were excited by an argon ion laser (λ = 514.5 nm). The field emission (FE) properties were measured using a diode configuration with the sample as a cathode and a stainless steel plate as an anode. The gap between the sample surface and the anode was about 250µm. The FE measurements were performed in vacuum at a base pressure ~ 10 −6 torr. The characteristics of the Raman spectra described above can be explained by the relaxation of momentum conservation due to quantum confinement of optical phonons. 35 Conservation of momentum in the c-Si allows only first-order Raman scattering of the optical phonons at the center of Brillouin-zone. It corresponds to a frequency shift of 520 cm -1 , as shown in Fig.   2(a) . In SiNWs, the translational symmetry of the ideal crystal is disturbed and the conservation law of momentum is relaxed. If an optical phonon is confined within a space 
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∆L, the momentum uncertainty ‫,ݍ∆‬ is given by the relationship ‫ݍ∆‬ ‫ܮ∆‬ ≈ 1. Therefore, the optical phonons near (∆q ~ 1/∆L) the center of the Brillouin-zone become Raman active in quantum confined systems. Since the dispersion curve of optical phonons bends down towards the zone edge (q=1), the Raman peak shifts to lower frequency and broadens asymmetrically. 13 Thus, changes in the Raman line shape, compared to c-Si, is a function of the sizes of NWs. It is evident from the etching time dependent variation in Raman line-shape that samples S1-S3 contains SiNWs having size sufficiently low to show quantum confinement effect. Well aligned SiNWs may have very good field emission properties and may be investigated for application in devices. 28 In order to understand the electron field emission characteristics of vertically aligned SiNWs fabricated by MIE, the electron field emission measurements were carried out in a diode assembly kept in a vacuum chamber at a base pressure of 3x10 -6 torr and gap between electrodes was 250 µm. The phenomenon of electron field emission is based on the effect of quantum tunneling of electrons found inside a ground conductor through a barrier that is formed by the ionic lattice of the conductor and the external electric field. Figure 4 (i) shows the macroscopic current density (J) versus macroscopic electric field (E) plots for samples S1, S2 and S3. The turn-on field for a collection of SiNWs has typically been defined as the field required for generating emission current densities of 10 µA/cm 2 and have been calculated from Fig. 4(i) . The turn on field values are found to be 8.9 V/µm and 
where, constants A = 1.54x10 -6 AeVV -2 and B = 6.83x10 3 eV -3/2 Vµm -1 are known as first and second F-N constants, φ is the emitter's local work function, β the field enhancement factor and E is the applied electric field. The F-N plot is obtained by plotting ln(J/ E 2 ) vs 1/ E as shown in Fig 4(ii) . Table 1 lists the different field emission parameters of SiNWs, samples S1, S2 and S3 calculated by field emission data of these samples shown in Fig. 4 . The field enhancement factor which is defined as the ratio of the local electric field at the tip of a nanowire to the macroscopic electric field, are determined from the slope of the F-N plot
Assuming that φ equals 4.15 eV for Si. 38 The macroscopic field enhancement factor for sample S1, S2 and S3 are 1140, 2508 and 4223 respectively calculated from the slope of the 
Conclusions
In summary, MIE provides a simple approach to fabricate SiNWs which shows field emission 
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